Background: Approximately 1 in 10 women suffers from depression during pregnancy. Little is known about whether antepartum depression affects a mother's length of stay at delivery. We aimed to compare peripartum length of stay in women with and without depressive symptoms during pregnancy. Methods: This study involved secondary data analysis of a larger study exploring antepartum depression. Each subject completed the Center for Epidemiological Studies Depression Scale (CES-D). We used bivariate analyses to compare patient characteristics of women with and without an elevated CES-D, and we used a multivariate Poisson regression to evaluate predictors of length of stay. Results: The study sample included 867 pregnant women. Overall, 18% of study subjects scored !16 on the CES-D. In bivariate analyses, a longer stay was associated with an elevated CES-D and minority race, antepartum complications, cesarean delivery, prematurity, multiple gestation, and neonatal length of stay. In the final multivariate model adjusting for sociodemographic, antepartum, and obstetric factors, an elevated CES-D was associated with a significantly longer peripartum stay (0.26 days, CI 0.04-0.48). Conclusions: Depressive symptoms during pregnancy predict an increase in peripartum length of stay.
Introduction
A ntepartum depression affects approximately 1 in 10 women at various points during pregnancy. 1 Although depression has been variably associated with hospital length of stay in clinical populations outside of women in the puerperium, [2] [3] [4] [5] [6] [7] [8] [9] little is known about whether antepartum depression affects the maternal length of stay at delivery (hereafter called peripartum stay). Any relationship between antepartum depression and peripartum length of stay is clinically meaningful because perinatal depression is common and childbirth is the second leading cause of hospitalization in the United States. 10 We hypothesized that depression may affect peripartum stay through several potential mechanisms. First, depression is linked to adverse obstetric outcomes, including preterm delivery and preeclampsia [11] [12] [13] and, therefore, could lengthen maternal stay by increasing the frequency of such complications. Second, we hypothesized that depressed mothers taking antidepressants could stay longer as a result of lengthened neonatal observations because use of selective serotonin reuptake inhibitors (SSRIs) is associated with a neonatal withdrawal syndrome. [14] [15] [16] [17] [18] Finally, depression may not independently influence peripartum stay, but it could appear to do so through an association with socioeconomic status (SES) or substance abuse.
The primary objective of this study was to compare peripartum length of stay, the duration of time between admission to the obstetric unit and postpartum discharge, in women with vs. women without depressive symptoms during pregnancy. In addition, we aimed to determine if any relationship between depression and peripartum stay was explained by increased obstetric complications, longer neonatal observation, or associations with SES or maternal substance use. We also compared mean hospital charges for the peripartum stay in women with vs. without an elevated depression screen.
investigators (S.M.M. and H.A.F.). A convenience sample of pregnant women was recruited from a group of obstetrics clinics throughout southeastern Michigan. Each subject completed a self-administered survey while waiting for her prenatal visit. All pregnant women were approached by research staff and asked to participate, and 90% of all women approached agreed to complete the screening survey. Women who chose not to participate refused further contact with the research assistant. Therefore, it was not possible to collect information on their characteristics. Comprehensive written consent was obtained from each study participant.
During this time period, 1331 women were screened. For the current study, we included HPP subjects who were patients in the investigators' hospital system in order to link to delivery information via the medical record. These 929 women comprised the study sample. We excluded women with fetal deaths in utero (n ¼ 15) and women who delivered at <20 weeks gestational age (n ¼ 9). Of the remaining 914 women who met study inclusion criteria, 47 (5.1%) had missing delivery data, with a presumed delivery in another healthcare system. Thus, the final sample included 867 women. Women entered the study at various points in gestation, including all three trimesters; the mean gestational age study participation was 25.8 weeks (SD 9.6, median 27, IQR 18-34).
The hospital system uses a competency-based model for pregnancy care that requires that competency in self-care and infant care is validated before the postpartum discharge. 19 The University of Michigan Medical School Institutional Review Board approved all procedures for the HPP and for this study.
Survey instrument and clinical data
General survey measures included demographic information, ratings of overall health, and use of prescription medications. In addition, past history of depression was measured using items derived from the Diagnostic Interview Schedule (DIS-III-R). 20 These items ask participants if ''. . . you had two weeks or more when nearly every day you felt sad, blue, or depressed or in which you lost all interest in things like work?'' The sensitivity of these items as screeners for depression ranges from 0.83 to 0.94. 21 Current depressive symptomatology was measured by the Center for Epidemiological Studies Depression Scale (CES-D). 22 Items on the CES-D cover the previous 7 days and are rated on a 4-point scale. A total score is derived by summing the ratings across the scale's 20 items. The CES-D shows good internal consistency in the general population (Cronbach's alpha ¼ 0.84). 23 In a postpartum sample, the sensitivity and specificity of the CES-D to detect depression (major and minor) were 0.60 and 0.92, respectively. 24 This is comparable to the diagnostic properties of other depression screening instruments in the postpartum population. 1 We used the standard cutoff point of !16 to determine elevated depressive symptoms. 25, 26 Additional questions evaluated the use of depression medications in the 2 years before the study. The survey also assessed if women were receiving counseling, psychotherapy, or medication for emotional problems at the time of screening.
Problem alcohol use was assessed with the TWEAK alcohol screener. The TWEAK is a 5-item screener that contains questions from the MAST, CAGE, and T-ACE. 27 It yields a total severity score of 0-7. Using a cutoff score of 2, the TWEAK demonstrates good sensitivity and specificity in screening for risk drinking in pregnant women. 28 In the HPP study, women with a positive alcohol screener or an elevated CES-D received psychoeducational materials in the mail.
For each woman in the sample, we used hospital claims data to collect discharge diagnoses, charges, procedures, and length of stay at delivery. Peripartum length of stay was recorded in the number of whole days from the date of admission to the obstetric unit to the date of postpartum discharge. In addition, we reviewed the electronic medical record to extract breast vs. bottle feeding status and obstetric outcomes, including antepartum and postpartum complications. We calculated a modified Kotelchuck Adequacy of Prenatal Care Utilization Index. 29 The Kotelchuck Index uses two data points to categorize the adequacy of prenatal care. First, the time of initiation of prenatal care is recorded. Second, the number of prenatal care visits attended is compared with the expected number of visits for the period between the initiation of care and delivery, based on prenatal care standards of the American College of Obstetricians and Gynecologists (ACOG). Finally, the index combines these two data points to create a single summary score of adequate plus, adequate, intermediate, or inadequate. Because some of our study subjects were referred in for care, we did not have complete data for the timing of the first prenatal visit. Therefore, we calculated prenatal care adequacy based on the number of weeks from the time of entry into the study health system. We categorized women by the percentage of recommended visits attended during this interval, using the cutoffs of the original Kotelchuck Index (inadequate, <50% of expected visits; intermediate, 50%-79%; adequate, 80%-109%; adequate plus, >109%). We also obtained data from accompanying demographic records regarding insurance status of the mother and the child.
Statistical analysis
We used descriptive statistics to report patient characteristics and obstetric outcomes for the study population. We used t tests and chi-square analyses to compare sociodemographic factors, substance abuse, and obstetric outcomes between women with and without depressive symptoms in pregnancy, and we used a t test for samples with unequal variances to compare hospital charges between these same subgroups.
The primary outcome of interest for this project was peripartum length of stay. We used nonparametric statistics because of the skewed distribution of this outcome, and we fit a Poisson regression to the data because length of stay was recorded in counts of whole days. We reviewed the literature on peripartum length of stay to determine the independent variables for inclusion (Table 1) . We examined the bivariate Poisson association of each of these variables with the primary outcome, and variables with an association with p < 0.2 were included in the multivariate Poisson regression. We examined the change in regression coefficients after adding each predictor to the model. Using the final Poisson regression, we calculated marginal effects for each independent variable's association with peripartum length of stay, using robust confidence intervals (CI) for each of the associations. Finally, we tested our model for goodness of fit using the Pearson 32 LANCASTER ET AL.
statistic ( p ¼ 1 representing an appropriate fit). All analyses were conducted with STATA Ò 10 (StataCorp, College Station, TX).
Results
The final sample contained 867 women with complete delivery data. Women with missing delivery data (n ¼ 47) were younger, less educated, and more likely to be single and to have public insurance. They did not differ by race, employment, or parity from those who remained in the study. Women with missing delivery data were more likely than those with complete data to have an elevated depression screen; 34% scored !16 on the CES-D (vs. 18.9%) (chisquare ¼ 6.5, p ¼ 0.01).
In addition, of the 867 women with complete delivery data, 23 women did not complete the CES-D and 42 women did not complete the TWEAK. Therefore, the final regression model contained 825 women, representing 95.1% of the total number of women with complete delivery data. We ran the regression model with and without imputed data for the TWEAK, and the results were not significantly different. For the rest of this article, we present results using the nonimputed data.
Sample characteristics
Participant characteristics are shown in Table 2 . The average maternal age at study entry was 29.4 years (SD 5.5, median 29, IQR 18-33). Most women were Caucasian, and the majority had private health insurance. Almost 90% of the women were married or cohabiting. Over one half of the women in the study graduated from college. More women reported alcohol use (15.3%) than cigarette smoking (13.0%) during pregnancy.
The mean gestational age at study participation was 25.8 weeks (SD 9.6). Most mothers rated adequate=adequate plus on a modified Kotelchuck Index. Over 25% of women experienced at least one antepartum complication; the most common complications were hypertensive disorders, gestational diabetes, and preterm premature rupture of membranes (PPROM).
Delivery outcomes are displayed in Table 3 . The mean gestational age at delivery was 38.8 weeks (SD 2.4); 27.8% (n ¼ 241) of women received a cesarean delivery, and 41.9% of these 241 deliveries were scheduled, elective cesareans (58.1% were indicated cesarean deliveries after admission). Only 4.6% of mothers experienced a postpartum complication. The majority of mothers breastfed their infants.
Overall, 18.3% of mothers scored above the cutoff for depressive symptomatology on the CES-D (n ¼ 159); 20% of the women with a positive CES-D reported any current form of treatment (n ¼ 30), and over one half of the women with a positive CES-D had a prior history of depression in their lifetime (n ¼ 96). In addition, 3.4% of women with a CES-D <16 reported current treatment for depression, likely reflecting women who had improved symptomatology on their current treatment regimen.
In bivariate analyses, depressed mothers were younger and less educated. They were more likely to be single, unemployed, and publicly insured ( Table 2) . One quarter of depressed mothers reported smoking during the index pregnancy, and they were twice as likely to have an elevated TWEAK. Depressed women did not differ by frequency of obstetric complications or mode of delivery, including the type of Cesarean delivery (scheduled, elective vs. for obstetric indications after admission) (Tables 2 and 3 ). In addition, of women with a history of depression in the 2 years before pregnancy (n ¼ 72), less than half (n ¼ 30, 45.4%) reported any antidepressant use during the past 2 years.
In our study population, the mean hospital charges for a maternal peripartum stay equaled $5689 (SD AE $2267). The mean charges were about 10% higher in women with a positive CES-D ($542, p ¼ 0.05).
Peripartum length of stay and antepartum depression
The mean peripartum length of stay was 2.1 days (SD AE 1.3, median 2, IQR 1-2). In bivariate analyses, antepartum depressive symptoms were associated with significantly longer peripartum stay (0.36 days). In addition, a longer stay was significantly associated with the following variables: lower educational attainment, minority race, number of antepartum complications, cesarean delivery, prematurity, multiple gestation, and neonatal length of stay (Table 4) . Multiparous women had shorter lengths of stay, and breastfeeding women showed a trend toward shorter stays, although this did not reach statistical significance ( p ¼ 0.06). Women with inadequate prenatal care also spent fewer days in the hospital. The maternal length of stay was not associated with smoking, insurance status, employment, marital status, maternal age, or frequency of postpartum complications. We saw a trend toward longer stays in women with an elevated TWEAK, but this relationship did not reach statistical significance ( p ¼ 0.10).
In the final multivariate model, longer peripartum stays were significantly associated with antepartum depressive symptoms and with minority race, antepartum complications, cesarean delivery, and a longer neonatal hospital stay (Table 4) . A shorter stay was associated with multiparity. The association between antepartum depression and peripartum We categorized peripartum length of stay by days, and women with a positive CES-D had a 10% higher frequency of stays of 3 days and a 30% higher frequency of stays of !4 days (Fig. 1) . Depressed women receiving current mental health treatment did not differ in length of stay from those who were not receiving treatment ( p ¼ 0.34). In addition, a lifetime history of depression and a history of medication use in the past 2 years were not significantly associated with peripartum length of stay. Missing data (n): race (1); marital status (5); employment (3); insurance status (2); smoker (7); alcohol use (1); TWEAK (42); lifetime depression (9); current treatment (73). 
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We conducted post hoc analyses to test for interaction effects between depression and breastfeeding and depression and parity. None of the interaction terms were significantly associated with peripartum length of stay.
Discussion
The key finding of this study is that depressive symptoms during pregnancy are strongly associated with longer peripartum stay, adjusted for multiple potential confounding factors. In our sample, 18% of women had elevated depressive symptoms on an antepartum screen; on average, a positive screen increased maternal stay by about one quarter of a day. Given the mean and median lengths of stay of 2 days, this is a relative increase in length of stay of >10%. This extended length of stay was accompanied by higher hospital charges of similar magnitude.
Initially, we hypothesized that depression could influence length of peripartum stay through increased obstetric complications, longer neonatal stays, or confounding with SES or problem drinking. We controlled for each of these scenarios in our regression model. Maternal depression was partially influenced by education, problem drinking, mode of delivery, and gestational age, but after controlling for obstetric factors, demographics, treatment status, and substance abuse, antepartum depressive symptoms continued to show an independent association with length of stay at delivery. The fact that the depression screen score and not treatment status was associated with length of stay suggests that it is the current level of symptom severity that explains the association.
We hypothesize that this independent association may occur through several potential pathways, both before and after delivery. Depression may alter antepartum management, such as the likelihood to induce and augment labor or the type of labor anesthesia requested. Also, as depression is linked to altered neuroendocrine function, 30, 31 it could potentially affect labor physiology. After delivery, depression may impact postnatal transitioning, affecting one's confidence as a mother or perhaps leading to greater difficulty in initiating breastfeeding. Depression may lead to longer hospital stays also because of psychosocial interventions in the postpartum period. If a mother with depression has not received mental healthcare during her pregnancy or if her depression was previously unrecognized, providers may attempt to establish links to mental health services before discharging the mother and baby. In one study, women with psychiatric illness were more likely to be evaluated if they had a longer hospital stay at delivery. 32 We will need further studies with this cohort to examine these possible associations between depression during pregnancy and peripartum stay.
Although length of stay is often used as a marker of hospital efficiency, we must interpret our findings cautiously. In other words, longer peripartum stays may use more resources but may do so wisely. Margolis et al. 33 noted that the postpartum hospital stay can serve three potential public health goals: (1) ''to ensure that the conditions of infants and mothers are stable,'' (2) ''to ensure that mothers are ready to care for their new infants,'' and (3) ''to establish linkages for ongoing care.'' 33 Perhaps the increased stay for depressed women reflects extra time required to satisfy such goals.
Our findings contrast with those of Larsson et al., 34 who did not find a significant association between maternal depressive symptoms and postpartum length of stay. There are several possible reasons for a discrepancy in our study findings. Larsson et al. screened women for depressive symptoms near term, at 35-36 weeks of gestation, rather than at 25 weeks on average as we did in this study. Furthermore, >50% of their sample had postpartum stays of !3 days, compared with a median stay of 2 days (IQR 1-2) in our study sample; this may have muted the ability to detect prolonged lengths of stay associated with antepartum depression. In addition, the subjects from that study were participants in the Swedish antenatal healthcare system, which reaches almost 100% of pregnant women in Sweden. Our current study has several limitations. First, we relied on self-report screening measures instead of a diagnostic interview. Second, our study was cross-sectional in nature, capturing depressive symptoms at only one point in time. However, postpartum meta-analyses have shown that antepartum depression is indeed one of the strongest risk factors for subsequent postpartum depression, 35, 36 and a study of 360 pregnant women showed that one half of subjects with postpartum depression actually started with antepartum depression that had persisted into the postpartum period. 37 Our findings may not generalize to other clinical populations, as our study population was mostly partnered, highly educated, and of high obstetric risk (over one fourth of the sample had an antepartum complication). In addition, other medical institutions may have different discharge practice patterns from those at a tertiary care, academic institution. Because of our cohort study design, we cannot ensure that we controlled for all potential confounders. Lastly, we present maternal length of stay in aggregate form, including nights spent in labor and nights after birth. This method of reporting length of stay is similar to that of other studies. 33 However, we did not distinguish between effects that occurred before or after delivery. Of note, our findings also demonstrate that women with inadequate prenatal care had shorter lengths of stay. This finding has been replicated in other studies concerning peripartum length of stay. 38, 39 It is outside the scope of our study to explain the reasons behind this association, as we designed our study to look at depressive status and length of stay. Future studies should examine potential mechanisms that explain this association.
Prolonged maternal hospitalizations may have several potential negative effects. For the system, prolonged hospitalizations may lead to a backup of patients on the wards, which is especially cumbersome in a high turnover environment, such as that in labor and delivery. In addition, as we have shown, these prolonged hospitalizations are related to a significant increase in hospital charges. For the patient, increased time in the hospital means time away from work and family. This may also place a strain on other family members who must then take on the additional responsibilities that the mother maintained.
In summary, our findings reflect that depression is a common antepartum complication in obstetric patientsmore common than gestational diabetes or hypertensive disorders in our sample. We contribute to the existing literature on perinatal mental health by using longitudinal data to show that antepartum depressive symptoms have an independent relationship with subsequent peripartum length of stay, even after controlling for sociodemographic factors, obstetric complications, and maternal substance use. It is possible that clinical interventions for depression during the pregnancy could modify this relationship.
